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SUMMARY  AND  CONCLUSIONS 

Eight  samples  of  25  fruit  each  of  6  sizes  of  Duncan  grapefruit,    or  1,  200  individual 
fruit,    were  measured  and  analyzed  individually  to  evaluate  some  of  the  variations  existing 
among  individual  Duncan  grapefruit. 

The  results  resemble  those  obtained  for  Marsh  grapefruit  except  that  concentrations 
of  total  soluble  solids  and  acid  were  higher,    the  solids -to-acid  ratio  was  lower,    and  the 
fruit  varied  less  than  Marsh  grapefruit.   Quality  factors  were  influenced  by  fruit  size  and 
crop  year.    Samples  varied  considerably  in  volume  of  juice,    juice  per  100  grams  of  fruit 
weight,    soluble  solids,    total  aeid,    solids -to-acid  ratio,    ascorbic  acid,    fruit  weight,    and 
texture.    Fruit  of  prime  quality  had  more  juice  than  overripe  fruit  but  both  had  the  same 
level  of  soluble  solids.    Thus  the  overripe  fruit,    which  had  less  total  acid,    had  a  higher 
solids -to-acid  ratio.    Late-bloom  fruit  showed  similar  tendencies.    The  relationship  of 
juice  content  and  solids -to-acid  ratio  disappears  late  in  the  season. 

Quality  of  fresh  fruit  shipments  of  white-seeded  grapefruit  could  be  improved  by  one 
of  six  ways,    or  their  combination:    (I)  Volume  of  juice  required  for  a  composite  fruit 
sample  could  be  increased  by  10  percent;  (2)  separate  low  and  high  volume  of  juice  fruits 
within  a  size  by  specific  gravity  or  weight.    Elimination  of  light  fruits  should  result  in  a 
pack  of  juicier  fruit;  (3)  the  minimum  solids  requirement  should  be  adjusted  to  percent  at 
which  the  lowest  quality  fruit  is  palatable;  (4)  a  maximum  limit  on  percentage  of  citric 
acid,    or  an  equivalent  change  in  solids-to-acid  ratio;  (5)  a  minimum  standard  for  total 
solids  content  or  solids-to-acid  ratio  of  individual  fruits;  or  (6)  a  maximum  permissible 
citric  acid  content  for  individual  fruits. 


1  Dr.  Long  is  a  horticulturist,  Dr.  Harding  a  supervisory  plant  physiologist,  and  Mr.  Sunday  a  biological  science  technician, 
with  the  Agricultural  Marketing  Service,  Orlando,  Fla.;  Dr.  Soule,  formerly  horticulturist  with  the  Agricultural  Marketing  Service, 
is  now  associate  professor,  Department  of  Fruit  Crops,  University  of  Florida. 
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INTRODUCTION 

Nearly  14.  5  million  boxes  of  all  varieties  of  grapefruit  were  shipped  as  fresh,  fruit  from 
Florida  and   18.  5  million  boxes  were  processed  during  the    1958-59  season  (_5).^    The 
Florida  production  of  white  seeded  grapefruit^  amounted  to  about  20  million  boxes  in  the 
1953-54  season  but  dropped  to  13.5  million  in  1957-58  (5^,    12).    Approximately  80  percent 
(10.8  million  boxes)  of  the  1957-58  crop  of  white  seeded  grapefruit  was  utilized  by  can- 
neries for  juice,    sections,    salad,    frozen  concentrate,    processed  (hot  pack)  concentrate, 
frozen  concentrate  blends,    and  chilled  juice.    Interstate,    intrastate,    and  export  shipments 
of  fresh  fruit  totalled  only  1.  8  million  boxes,    while  the  remainder  was  accounted  for  by 
express  shipments  and  noncommercial  intrastate  uses  (5^,    12). 

The  major  disadvantage  of  Duncan  grapefruit  is  that  they  usually  contain  20  to  40 
seeds.    Most  consumers  prefer  a  seedless  grapefruit;  yet  Duncan  fruits,    when  picked  at 
their  prime  have  a  better  flavor.    In  1957-58  there  were  only  about  40,000  acres  of  bear- 
ing Duncan  groves  as  compared  to  51,  000  in  1953-54  (1_2).    It  appeared  desirable  to  study 
the  variations  in  internal  and  external  quality  among  individual  grapefruit  to  see  if  these 
variations  might  be  related  to  the  decrease  in  demand  and  subsequently  in  production,    and 
if  suggestions  based  on  these  results  could  be  made  for  improvement  of  market  demand 
and  uniformity  of  quality. 

Reports  by  Harding  (6),    Harding  and  Fisher  (7),    Harding  and  Lewis  (8),    Long  and 
others  (10),    and  Rygg  and  Getty  (H.)   pointed  out  some  of  the  variations  in  internal  and  ex- 
ternal characteristics  of  grapefruit  and  the  relationship  of  these  characteristics  to  pala- 
tability.    Long  and  others  (10)  pointed  out  some  possibilities  for  improving  the  fresh  fruit 
pack  of  Marsh  grapefruit:    (l)  Increase  the  solids  or  solids -to-acid  ratio  requirements, 
(2)   establish  a  maximum  permissible  percent  acid,    (3)  remove  dry,    ricey,    or  coarse- 
textured  fruit  by  using  a  combination  of  size  and  weight,    since  these  poor-textured  fruit 
usually  contain  less  juice  and  are  lighter  in  weight  than  good-textured  fruit,    and  (4)  im- 
prove the  sizing  equipment  to  secure  more  uniform   size. 

EXPERIMENTAL  PROCEDURES 

Samples  of  Duncan  grapefruit  were  collected  from  eight  packinghouses  in  the  east 
coast,    west  coast,    central  and  ridge  districts  of  Florida  during  April,    May,    and  June  of 
1955  and  1957.    Each  sample  consisted  of  subsamples  of  30  grapefruit  taken  at  random 
from  each  of  the  sizes  96,    80,    70,    64,    54,    and  46.    The  fruit  had  been  washed,   'waxed, 
graded,    and  sized  into  bins  ready  to  be  packed  into  containers  for  shipment.    The  fruit  was 
taken  to  the  Horticultural  Field  Station,    Orlando,    Fla.  ,    and  held  at  32°  F.    (for  a  few  days 
at  most)  until  the  measurements  and  analyses  could  be  made. 

After  removal  of  damaged  fruit,    25  fruit  were  taken  at  random  from  each  subsample. 
These  were  numbered,    weighed  to  the  nearest  gram,    calipered  to  the  nearest  sixteenth  of 
an  inch  for  diameter  and  height,    and  then  cut  into  halves.    Internal  texture,    seediness,  and 
characteristics  indicative  of  late-bloom  were  observed.'^    The  juice  and  pulp  were  sepa- 
rated fromi  the  rind  with  an  electric  reamer.    The  juice  was  then  extracted  from  the  pulp 
with  a  tapered  screw-type  finisher.    The  volume  of  juice  was  measured  to  the  nearest  mil- 
liliter and  weighed  to  the  nearest  gram.    Total  acid  (as  citric)  was  determined  by  titration 
with  standard  sodiumi  hydroxide  solution  ( j_) .    Ascorbic  acid  was  determined  by  titration 
with  2,  6-dichloroindophenol  from  portions  of  the  juice  of  the  first  10  fruit  of  each  sub- 
sample  (_2).    Total  soluble  solids  were  determined  on  the    juice  of  the  individual  fruits  with 


2  Underscored  figures  in  parentheses  refer  to  Literature  Cited,   p.  16. 

3  White  seeded  grapefruit  in  trade  channels  consist  principally  of  the  Duncan  variety.  McCarty,  Silver  Cluster,   Walters, 
Excelsior,  and  other  varieties  which  are  almost  indistinguishable  from  Duncan,  are  shipped  in  limited  quantities. 

4  "Late-bloom"  as  referred   to  in  this  report  may  be  defined  as  a  fruit  type  which  is  generally  more  or  less  elongated  at  the 
stem  end  (sheepnosed),  and  usually  having  rough,  pebbly,  thickened  rinds.  Because  of  the  thickened  rinds  this  fruit  has  less  pulp 
and  therefore  less  juice  per  fruit  and  is  lighter  in  weight  than  normal  fruit  of  the  same  size.  The  fmit  is  usually  higher  in  acid  be- 
cause it  was  either  small  at  the  time  of  arsenation  or  it  was  missed  altogether. 


an  Abbe-type  refractometer  and  active  acidity  (pH)  of  the  composited  juice  was  deter- 
mined with  a  glass  electrode  pH  meter.    Solids -to-acid  ratio,    volume  of  juice  per  100 
grams  of  fruit,    and  density  of  juice  were  calculated.    Graphical  analysis  of  the  data  was 
adapted  from  the  methods  of  Waugh  (13). 

RESULTS 
Chemical  factors 

Total  Soluble  Solids.  --The  total  soluble  solids  of  individual  Duncan  grapefruit  varied 
from  8,  17  to  14.90  percent;  the  greatest  range  occurred  among  fruit  of  size  96  (table  1). 
The  range  in  total  soluble  solids  among  individual  fruit  and  the  average  soluble  solids  de- 
creased progressively  from  size  96  to  size  46.    Fruit  of  all  sizes  met  the  legal  maturity 
requirements  (3,    4)  (table  2), 

Table  1. --Total  soluble  solids   in  individual  Duncan  grapefruit-"- 


Fruit  size 

April  and  June  1955 

April 

1957 

Average^ 

Range 

Average-' 

Range 

96 

80 

70 

64 

Percent 

11.42 
11.57 
11.41 
11.15 
10.94 
10.70 

Percent 

8.17  -  14.90 
8.20  -  14.23 
8.63  -  14.79 
8.73  -  14.44 
8.23  -  13.89 
S.33   -   13.39 

Percent 

11.46 
11.40 
11.07 
10.86 
10.23 
10.47 

Percent 

8.59  -  14.69 
8.72  -  13.93 
8.39  -  13.25 
8.51  -  13.49 

8.06  -  13.04 

46 

8.53  -  13.24 

■'■  None  of  the  fruit  was  below  7.5  percent  soluble  solids — the  minimum  solids  content  for 
seeded  grapefruit  during  the  period  from  January  1  through  July  31  (Florida  Citrus  Code  of 
1949,    as  Amended  ). 

2   Each  value  is  the  average  of  150  fruit. 

^  Each  value  is   the  average  of  50  fruit. 


Table  2. — Legal  matiority  requirements  for  total  soluble  solids   and  solids-to-acid  ratio 
for  white  seeded  grapefruit,    according  to  the   Florida  Citrus   Code  of  1949,    as  Amended-"- 


Solids 

Ratio 

Solids 

Ratio 

Solids 

Ratio 

Percent 
7.5 

7.00  - 
6.95  - 
6.90  - 
6.85  - 
6.80  - 
6.75  - 
6.70  - 
6.65  - 
6.60  - 
6.55  - 

Percent 
10.0 

6.50  -  1 
6.475  -  1 
6.45  -  1 
6.425  -  1 
6.40  -  1 
6.375  -  1 
6.35  -  1 
6.325  -  1 
6.30  -  1 
6.275  -  1 

Percent 

11.0 

11.1 

6.25  -  1 

9.1 

9.2 

10.1 

10.2 

6.225  -  1 

11.2 

11.3 

11.4 

6.20  -  1 

9.3 

10.3 

6.175  -  1 

9  4  

10.4 

6.15  -  1 

9.5 

9.6 

10.5 

10.6 

11.5 

6.125  -  1 

,11.6 

11.7 

11.8 

6.10  -  1 

9.7. ... 

10.7 

6.075  -  1 

9.8 

10.8 

6.05  -  1 

9.9 

10.9 

11.9 

12.0  and  above 

6.025  -  1 

6.00  -  1 

-"-  Samples  after  April  15  and  before  August  1  must  have  at  least  7.5  percent  total  solids 
and  6.00  to  1  ratio  or  greater.    In  addition,    25  percent  of  the  fruit  surface  in  aggregate 
must  be  colored  yellow   (plate  22,    L-2,   page  67  of  Maerz  and  Paul's  Dictionary  of  Color,    Ed. 
1,  McGraw  Hill  Book  Co.,    New  York,    1930,    is  designated  as  the  minimum  color  standard). 


5   - 


When  the  individual  Duncan  grapefruit  were  separated  into  classes  based  on  total 
soluble  solids,    48  to  74  percent  were  found  in  the  class  containing   10.  50  percent  or  more 
and  14  to  32  percent  in  the  class  containing  from  9.50  to  10.49  percent  (fig.    1).    Smaller 
sizes  of  fruit  usually  had  more  fruit  in  the  10.  5%  solids  content  or  above  class  than 
larger  sizes.    Most  of  the  remaining  fruit  fell  within  8,  50  to  9.  49  or  9.  50  to  10.  49  per- 
cent.   Only  1  to  2  percent  contained  less  than  8.  5  percent. 
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Figure  1 

Total  Acid.  --An  inverse  relationship  existed  between  total  acid  and  size  (table  3)  in 
1955.  The  absence  of  a  relation  in  1957  may  have  been  due  to  the  small  number  of  sam- 
ples in  that  year.  Total  acid  in  individual  fruit  varied  from  0.  36  to  2.  16  percent  in  1955, 
and  from  0.67  to  1.91  percent  in  1957.    When  the  fruits  were  divided  into  classes  based  on 

Table  3. — Total  acid  content  of  individual  Duncan  grapefruit 


Fruit  size 

April 

and 

June  1955^ 

April 

19572 

Average 

Range 

Average 

Range 

96 

Percent 

1.11 

1.10 

1.03 

.99 

.90 

.85 

Percent 

0.47  -  2.09 
.48  -  2.16 
.41  -  1.88 
.49  -  1.97 
.36  -  1.74 
.40  -  1.65 

Percent 

1.18 
1.17 
1.20 
1.19 
1.11 
1.12 

Percent 
0.67  -  1.75 

80 

70 

64 

54 

.80  -  1.60 
.71  -  1.91 
.67"-  1.55 
.79  -  1.48 

46 

.69  -  1.44 

Each  value  is  the  average  of  150  fruit. 
Each  value  is  the  average  of  50  fruit. 


total  acid,    the  largest  class  in  1955  was  that  containing  less  than  0.8  percent  acid  (fig. 
2).    Many  of  the  fruits  harvested  in  April  of  1955  and  1957,    had  greater  than  1.0  percent 
total  acid.    Generally,    the  proportion  of  fruit  in  the  class  below  0.  8  percent  increased 
with  size  in  1955  (fig.    2)  with  a  corresponding  decrease  in  the  0.  80  to  0.  99  and  1.  40  per- 
cent and  above  classes. 
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Figure  2 

Solids-to-Acid  Ratio.  --The  ratio  of  total  solids  to  total  acid  in  individual  Duncan 
grapefruit  ranged  from  extremes  of  6.00-to-l  (size  80)  to  26.43-to-l  (size  46)  in  1955, 
and  from  4.81-to-l  (size  70)  to  14.05-to-l  (size  46)   in  1957  (table  4).    The  variation 
among  individual  fruit  of  a  size  ranged  from   19.29  ratio  points  for  size  46  to  14.42  ratio 
points  among  those  of  size  80  in  1955,    and  from  8.  26  for  size  70  to  4.48  ratio  points  for 
size  54  in  1957. 


Table  4. — Ratio  of  solids-to-acid  of  individual  Duncan  grapefruit 


Fruit 
size 

Apri 

1  and  June 

1955^ 

April  19572 

Average 

Range 

Average 

Range 

96. 

11.29-to-l 

6.03-to-l 

22.05-to-l 

9.83-to-l 

7.31-tG-l 

13.52-to-l 

80. 

11.33-to-l 

6.00-to-l 

20.42-to-l 

9.74-to-l 

6.32-to-l 

13.16-to-l 

70. 



11.99-to-l 

6.63-to-l 

24.22-to-l 

9.23-to-l 

4.81-to-l 

13.07-to-l 

64. 

12.31-to-l 

6.77-to-l 

21.20-to-l 

9.18-to-l 

6.62-to-l 

13.19-to-l 

54. 

13. 07- to -1 

6.68-to-l 

25.18-to-l 

9.28-to-l 

7.16-to-l 

11.64-to-l 

46. 

13.76-to-l 

7.14-to-l 

26.43-to-l 

9.34-to-l 

7.04-to-l 

14.05-to-l 

Each  value  is  the  average  of  150  fruit. 
Each  value  is  the  average  of  50  fruit. 


When  the  fruits  were  separated  into  classes  based  on  values  for  solids-to-acid  ratio 
(fig.    3),    59  to  73  percent  of  the  fruit  sampled  in  1955  and  30  to  5Z  percent  of  those  in 
1957  fell  into  the  class  above  the  lO-to-l   ratio.    The  percentage  of  fruit  in  this  class  in- 
creased slightly  with  size  in  1955,    but  this  trend  was  reversed  in  1957. 
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60 
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PI 
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7.00-7.99  to  1              '9.00-9.99  to  1 
8.00-8.99  to  1 

40 

- 

1 

20 
0 

1 
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m 

^h 

u 
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J 

J 

J 

]  1 
II 

1 

J 
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Figure  3 

Ascorbic  Acid.  --The  concentration  of  ascorbic  acid  in  juice  of  individual  Duncan 
grapefruit  ranged  from  22  to  52  mg.    per  100  ml.    in  1955  and  from  28  to  61  mg.    per  100 
ml.    in  1957  (table  5).    As  reported  by  Long  and  others  (9),    the  concentration  of  ascorbic 
acid  increased  slightly  as  size  decreased.    The  concentration  was  lower  in  1955,    averag- 
ing 33  to  38  mg.    per   100  ml.    for  the  various  sizes  and  38  to  46  mg.    per  100  ml.    in  1957. 

Table  5. — Ascorbic   acid  concentration  of  individual  Duncan  grapefruit 


Fruit  size 

April  and  June 

1955^ 

April 

19572 

Average 

Range 

Average 

Range 

96 

Milligrams  ] 
38 
38 
36 
36 
35 
33 

Der 

100  ml. 
27  -  52 
25   -  50 

25  -  49 

26  -  46 
22   -  49 
25   -  45 

Milligrams  ] 
46 
43 
43 
4^ 
41 
38 

3er 

100  ml. 
35   -  61 

80 

34  -  59 

70 

28  -  55 

64 

54 

46 

37  -  51 
28  -  55 
28  -  47 

■'■  Average  of  the  values  for  60  fruit  of  each  size. 
2  Average  of  the  values  for  20  fruit  of  each  size. 


Active  Acidity  (pH).  --The  pH  of  the  composited  juice  of  subsamples  of  Duncan 
grapefruit  ranged  from  3.  Z  to  4.0.    Larger  sizes  usually  had  a  higher  pH  (lower  active 
acidity)  than  smaller  sizes,    but  differences  were  not  great. 

Physical  Factors 

Weight  of  Fruit.  --The  weight  of  individual  Duncan  grapefruit  varied  from  3Z2  to  535 
grams  for  size  96,    and  from  630  to  1,  113  grams  for  size  46  (table  6).    The  spread  be- 
tween the  minimum  and  maximum  weight  ranged  from   161  to  483  grams,    or  from  39  to 
59  percent  of  the  average  weight  depending  upon  the  size. 

Table  5. --Weight  of  individual  Duncan  grapefruit 


Fruit  size 


April  and  June  IQSS""" 


Average 


Plange 


April  1957^ 


Average 


Range 


96. 
80. 
70. 
64. 
54. 
46. 


Grams 


388 

322  -  483 

405 

337  -  535 

461 

361  -  539 

442 

380  -  585 

505 

402  -  635 

495 

440  -  657 

564 

476  -  680 

589 

497  -  691 

645 

529  -  774 

668 

559  -  943 

764 

651-1,080 

820 

630-1,113 

-■■   Each  value  is  the  average  of  150  fruit. 
^  Each  value  is  the  average  of  50  fruit. 

Separation  of  the  individual  grapefruit  into  classes  based  on  weight  (fig.   4)  showed 
that  the  largest  percentage  of  the  samples  fell  into  the  middle  class;  however,    a  substan- 
tial proportion  was  in  the  class  immediately  above  or  below.    A  greater  percentage  of 
fruit  of  the  smaller  sizes  was  in  the  middle  class  than  in  the  larger  sizes,    as  might  be 
expected  (8,    10). 
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Internal  Texture.  --Grapefruit  which  are  ricey,    coarse,    overripe,    or  dry  are  gen- 
erally lighter  in  weight  and  contain  less  juice  than  good-textured  fruit.    Texture  of  the 
fruit  was  more  variable  in  1955  than  1957  (table  7)  due  to  a  high  percentage  of  ricey  and 
coarse  fruit  despite  the  fact  that  5  of  6  samples  were  collected  in  June.   Nineteen  percent 
of  the  sample  taken  in  April  1955  were  overripe  and  dry.    The  differences  in  texture 
among  the   sizes  were  very  small,    and  no  definite  trend  appeared. 

Table  7. — Internal  texture  of  individual  Duncan  grapefruit 


Internal 

texture 

Date  of  -harvest 

anc 

size  of  fruit 

Ricey 

Coarse 

Good 

Overripe 
and  dry 

April 

and  June  1955 ^ 

Percent 

Percent 

Percent 

Percent 

96  .  .  . 

, 

1 
1 
1 
0 

41 
41 
31 
29 

36 
31 
34 
36 

22 
27 

80 

70 

34 

64 

35 

54.... 



5 

26 

35 

33 

46 



5 

36 

27 

32 

April 

19572 

96.... 

0 

8 

92 

0 

80.... 

0 

4 

96 

0 

70 



0 

4 

96 

0 

64 

0 

0 

98 

2 

54 

0 

0 

100 

0 

46.... 

0 

8 

92 

0 

■■■   150  fruit  of  each  size. 
2   50  fruit  of  each  size. 

Late-bloom  Fruit.  --Late-bloom  fruit  (footnote  4,    page  4)  usually  appear  late  in  the 
year  when  the  fruit  remaining  on  the  trees  is  picked.    Except  for  one  subsample  of  size  80 
which  contained  no  late-bloom  fruit,    one-fourth  to  two-thirds  of  the  samples  harvested  in 
June   1955  were  late-bloom  fruit.    The  amount  of  late-bloom  fruit  did  not  appear  to  be  re- 
lated to  size.    Only  one  subsample  harvested  in  1957  contained  late-bloom  fruit  (table  8). 

Table  8. — Late-bloom  and  white  seedless  fruit  in  samples  of  Duncan  grapefruit 


Fruit  size 

April  and 

June 

1955^ 

April 

1957 

2 

Late -bloom 

Seedless 

Late 

-bloom 

Seedless 

Percent 

Percent 

Percent 

Percent 

96. 

80. 
70. 
64. 
54. 



42 
34 
40 
37 
41 
43 

29 
17 
11 
10 
3 
7 

2 
0 
0 
0 

0 

0 

12 
6 
2 
0 
2 

46 

6 

•^   Each  value  is  the  average  of  150  fruit. 
^  Each  value  is  the  average  of  50  fruit. 
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Seediness  of  Fruit.  --The  samples  collected  in  1955  contained  from  3  to  29  percent 
seedless  fruit  (table  8).    The  smaller  sizes  contained  more  seedless  fruit  than  the  larger 
sizes.    A  similar  trend  was  noted  for  1957.   Duncan  is  generally  considered  a  group  name 
for  a  number  of  closely  related  forms  of  white  seeded  grapefruit.    Seedless  fruit  in  the 
samples  are  the  result  of  mixing  lots,    failure  to  clean  the  packinghouse  bins  between 
lots,    or  mixed  variety  blocks  in  the  grove. 

Volume  of  Juice.  --Volume  of  juice  per  fruit  varied  considerably  among  individual 
fruits  of  each  size  (table  9).    In  1955  a  small  percentage  fell  below  the  minimum  legal 
juice  requirements  (^,    4).    The  percentage  which  failed  was  somewhat  greater  in  size  80 
than  in  other  sizes.   Size  80  had  from  3  to  9  percent  fewer  late-bloom  fruit  than  the  other 
sizes,    indicating  that  some  other  cause  was  responsible.    In  1957,    the  percentage  of 
samples  below  legal  requirements  for  minimum  juice  content  was  even  smaller  (table  9). 

Fruit  of  the  smaller  sizes  have  more  juice  per  100  g.    of  fruit  weight  than  large  sizes, 
Fruit  of  size  96  yielded  from  51  to  60  ml.    of  juice  per   100  g.    of  fruit  weight  andaveraged 
55  ml.    per  100  g.    in  1955  and  56  ml.    in  1957.    Fruit  of  size  46  contained  from  44  to  54 
ml.   per  100  g.    and  averaged  49  ml.    in  1955  and  52  ml.    in  1957.    This  may  have  been  due 
in  part  to  a  tendency  for  fruit  of  the  larger  sizes  to  dry  out  late  in  June. 

Figure  5  shows  the  percentage  of  fruit  in  each  size  that  fell  below  minimum  require- 
ments for  volume  of  juice  and  the  degree  of  excess  above  the  minimum  requirement. 
Forty-four  to  84  percent  of  the  fruits  contained  50  ml.    or  more  juice  than  required.    The 
amount  of  juice  above  the  legal  maturity  requirements  was  roughly  proportional  to  fruit 
size.    The  range  between  the  minimum  and  maximum  volume  of  juice  per  fruit  was  equal 
to  one-half  to  three-fourths  of  the  average  volume  of  juice. 
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Citrus  Code  of  1949,  as  Amended  (1957) 


%  OF  FRUITS 


100 
80 

60 

40 

20 

0 


1955 


JUICE  VOLUME  1957 


Below  Requirement--..-/  ;    --Over  50  ml.obove 
0-10  ml.  above  ,-'     31-50  ml.  above 
11-30  ml. above 


J 


96     80     70    64    54     46       96     80    70    64     54     46 
SIZE  OF  FRUITS 

ANALYSIS  OF  INDIVIDUAL  FRUITS 

U.S.    DEPARTMENT    OF    AGRICULTURE  NEG.  81 10-60  (9)  AGRICULTURAL    MARKETING    SERVICE 


Figure  5. 
-   II   - 


O   H 

>  ■—- 


-P  CO 
C 

0)  ^ 

O  0^ 

(U    ON 
ft  rH 


C     O 


^  -P 

O    G    0)          -P 

H    0    S    OJ   -H 

■P 

<D    S    9    o    ;d 

C 

(U 

^1    O    ^  Ch 

O 

CNJ 

sf 

-st 

CNJ 

CM 

O 

W   -H     >    "-3 

fn 

-P    :3                 fn 

(U 

•H    o^  ;h  Cm    QJ 

Ph 

;3    (D    O    O    p. 

£^^ 

bO 

O   -P   -P 

O    -H    ^ 

vD 

LA 

■st- 

Ai 

CM 

CM 

r\j 

H    ^    M 

m 

lA 

lA 

lA 

lA 

lA 

t> 

\   fn  -H 

ON 

S^i 

H 
H 

CO 

H 

U 

'u 

Cm    a! 

OJ 

o 

nD 

-vt 

VA 

Nf 

to 

^ 

O    ::)    M 

•p 

n 

H 

!> 

ON 

C\i 

to 

■a  -p 

•H 

en 

rn 

C-, 

tn 

lA 

lA 

0)    -H    -H 

H 

1 

^.5  g 

ro 

nD 

to 

ON 

•st 

CM 

H 

vO 

CO 

H 

CM 

lA 

O 

^.s'^ 

H 

CO 

H 

H 

C\J 

CM 

CM 

<r\ 

fH 

<u 

0) 

-p 

cd     fn  -H 

•H 

lA 

iH 

t> 

to 

nO 

lA 

H 

CNi 

-d- 

nO 

O 

Nt 

CM 

U     d)    0 

•H 

C\J 

CV 

fNJ 

m 

n 

-st 

a>    ft  fn 

rH 

>              Ch 

r-i 

■=i; 

U 

^  -p 

O     C    <D 

H   o;  B   oj  +^ 

-P 

0)  g  3  o  -H 

^     S   rH  -H    :J 

^      O      3      fH 

c 

OJ 

n 

H 

st 

VA 

CM 

AJ 

o 

H 

CO    -H     >    ••-3  Ch 

p 

-p  =i 

0 

•H     D^  fn  Cm    fn 

CL, 

:J   0  o  o  <u 

H 

j^    fH  Cm           ft 

bO 

in 

O  -P  -P 

U> 

m 

n 

r\i 

H 

O 

ON 

ON 

H 

<e§ 

m 

lA 

■A 

lA 

Nt 

OJ 

^^. 

CQ 

tJ 

rH 

u 

§ 

Ch   cd 

0) 

t» 

H 

CNJ 

vO 

^D 

■st 

O   ;:)   w 

•p 

to 

H 

lA 

to 

CM 

rn 

-^  -P 

•H 

CNJ 

n 

(^ 

m 

Nt 

lA 

H 

<U  -H  -H 

H 

•^ 

bp  >   r3 

•H 
H 

ON 

i}^ 

§ 

S 

i 

i^ 

^ 

eg  ''3  Cm 

CQ 

H 

rH 

CM 

rH 

AJ 

U 

(U 

CD 

tu3         -P 

-P 

cd    ^  -H 

•H 

Nf 

■vt 

H 

to 

lA 

vD 

U    <i)    0 

r-\ 

nH 

n 

vD 

to 

CNJ 

1> 

<U      ft    fH 

•H 

CvJ 

CNi 

CNi 

CM 

m 

en 

>          Cm 

H 

<; 

iH 
CO 

•p 

G 

u 

S           <U 

cu 

3  0)  a       -p 
5   o   a)  u  -H 

•p 

O 

o 

O 

O 

lA 

a  -3  .^  ^  e 

1— 1 

I> 

ON 

rH 

cn 

lA 

CJN 

H 

rH 

CM 

CNJ 

AJ 

g-|  ^ 

;ij 

n 

■P    o 

: 

: 

: 

•H     N 

?    -H 

U     W 

: 

; 

ON 

§ 

^ 

i 

ii^ 

nD 
Nt 

0     0 

H  H 
^  Xi 

o   o 


12 


EFFECTS  OF  INTERNAL  TEXTURE 

Juice  Volume  Related  to  Solids-to-Acid  Ratio  of  Duncan  Grapefruit 
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Figure  i 
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Interactions 

The  relationships  among  the  various  measurements  and  constituents  such  as  di- 
ameter, weight,  volume  of  juice,    and  internal  texture  of  individual  Duncan  grapefruit  were 
analyzed  graphically  (l_3).    The  results  were  similar  to  those  reported  for  Marsh  grape- 
fruit (iO). 

Volume  of  juice  (ml.)  was  plotted  against  percent  total  soluble  solids,    percent  total 
acid,    or  solids-to-acid  ratio  to  form  a  series  of  scatter  diagrams  (figs.    6  to  8).    Separa- 
tions are  shown  between  the  different  internal  textures.    In  figure  6  where  subsample 
averages  are  plotted,    the  break  between  fruit  with  good  and  with  ricey  or  coarse  texture 
occurs  at  a  solids -to-acid  ratio  of  about  8.  5-to-l;  the  break  was  at  8.  5-  or  9-to-l  for 
Marsh.    Overripe  or  dry  fruit  had  higher  solids -to-acid  ratios  and  lower  volunnes  of 
juice.    Late-bloom  fruit  had  over  10-to-l   ratio  but  contained  less  juice  than  did  fruit  with 
good  texture.    As  a  result,    there  appears  to  be  a  second  well-defined  break  in  the  sub- 
sample  averages.    When  values  for  individual  fruit  were  plotted  the  trend  toward  a  line 
disappeared,    particularly  late  in  the  season.    Most  of  the  late-bloom  fruit  resembled  the 
overripe  or  dry  fruit  in  the  1955  samples  by  having  higher  solids -to-acid  ratios  and  less 
juice. 

Distinct  separations  like  those  noted  among  Marsh  grapefruit  of  different  internal 
textures  were  not  apparent  when  the  volume  of  juice  was  plotted  against  percentage  of 
total  soluble  solids  (fig.    7)  or  percentage  of  acid  (fig.    8).    This  may  have  been  the  result 
of  fewer  samples.    Both  total  soluble  solids  and  total  acid  were  higher  than  those  found 
for  Marsh  grapefruit  (^O).    Overripe  fruits  or  those  with  dry  texture  had  less  total  soluble 
solids  and  acid  than  did  fruit  with  good  texture,    while  those  with  coarse  or  ricey  texture 
were  lower  in  total  soluble  solids  but  higher  in  total  acid. 
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EFFECTS  OF  INTERNAL  TEXTURE 

Juice  Volume  Related  to  Total  Acid  in  Duncan  Grapefruit 
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Figure  8 

Juice  in  individual  Duncan  grapefruit  (as  percentage  of  total  weight  or  quantity  of  juice 
per  100  grams  of  fruit)  showed  considerable  variation,  but  no  distinct  trends.  Density 
and  specific  gravity  of  the  juice  were  slightly  higher  than  noted  for  Marsh  grapefruit  (10). 

DISCUSSION 

The  amount  of  variation  among  individual  Duncan  grapefruit  appeared  to  be  less  than 
among  Marsh  grapefruit  (l^);  however,  fewer  samples  of  Duncan  were  tested  in  only  two 
seasons. 

Fruit  with  ricey  and  coarse  texture  had  lower  total  soluble  solids,    higher  total  acid, 
and  a  lower  solids-to-acid  ratio  than  fruit  with  good  texture.    Overripe  or  dry  fruit  usu- 
ally had  lower  total  soluble  solids  and  acid,    but  higher  ratios.    The  volume  of  juice,    and 
consequently  weight,    was  higher  in  fruit  with  good  texture  than  in  the  others.    Fruit  with 
ricey  or  coarse  texture  has  not  yet  reached  its  maximum  juice  content,    while  overripe 
or  dry  fruit  has  lost  juice  by  drying  out.    The  relationships  between  volume  of  juice  and 
percent  solids,    acid,    or  their  ratio,    tend  to  disappear  late  in  the  crop  year  (June)  when 
fruits  have  passed  their  prime  and  become  overripe  or  dry  in  texture.    Late-bloom  fruits 
usually  have  a  thicker  rind  and  consequently  less  pulp  to  produce  juice  so  that  they  re- 
semble overripe  or  dry  fruit  in  yielding  less  juice  than  good  textured  fruit. 

The  separations  between  different  internal  textures  by  graphical  analysis  were  found 
at  a  higher  level  than  those  found  for  Marsh  grapefruit  when  volume  of  juice  was  plotted 
against  total  soluble  solids  or  total  acid.    This  is  an  indication  that  a  higher  requirement 
for  total  soluble  solids  is  justified  for  Duncan  than  for  Marsh.    The  separation  between 
textures  was  at  the  same  level  found  for  Marsh  when  volume  of  juice  was  plotted  against 
solids-to-acid  ratio.    Although  the  percentage  of  solids  was  high,    the  high  percentage  of 
acid  earlier  in  the  season  resulted  in  low  ratios.    As  the  acidity  decreases  in  the  spring, 
it  would  appear  that  Duncan-type  grapefruit  would  be  a  superior  fruit  for  processing  or 
for  shipping  as  fresh  fruit  if  harvesting  could  be  delayed  until  this  late  in  the  season. 
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